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BI-POLAR SIGNALING SCHEME FOR 
IMAGING SYSTEM 

BACKGROUND 

Implementations of the claimed invention generally may 
relate to schemes for amplifying captured image data and, 
more particularly, to such schemes that involve ampli?cation 
via a variable gain ampli?er. 

Image sensors are becoming increasingly prevalent in 
modern electronics. Such sensors typically convert received 
photons to electrical signals, and may be found in such 
devices as computers, personal digital assistants (PDAs), 
phones, and other electronic devices. The image data from the 
sensor itself, Which is typically in the form of an analog 
voltage, may be converted into digital data by circuitry for 
later processing by the device in Which the sensor resides. 

Various schemes may be used to convert such analog image 
data into digital data, and some of these schemes may involve 
variable gain ampli?ers (V GAs). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of this speci?cation, illustrate one or 
more implementations consistent With the principles of the 
invention and, together With the description, explain such 
implementations. The draWings are not necessarily to scale, 
the emphasis instead being placed upon illustrating the prin 
ciples of the invention. In the draWings, 

FIG. 1 illustrates a front end of an image sensing system; 
FIG. 2A conceptually illustrates a unipolar signal output; 
FIG. 2B conceptually illustrates a bipolar signaling 

scheme used in the system of FIG. 1; and 
FIG. 3 illustrates an exemplary implementation of a vari 

able gain ampli?er. 

DETAILED DESCRIPTION 

The folloWing detailed description refers to the accompa 
nying draWings. The same reference numbers may be used in 
different draWings to identify the same or similar elements. In 
the folloWing description, for purposes of explanation and not 
limitation, speci?c details are set forth such as particular 
structures, architectures, interfaces, techniques, etc. in order 
to provide a thorough understanding of the various aspects of 
the claimed invention. HoWever, it Will be apparent to those 
skilled in the art having the bene?t of the present disclosure 
that the various aspects of the invention claimed may be 
practiced in other examples that depart from these speci?c 
details. In certain instances, descriptions of Well knoWn 
devices, circuits, and methods are omitted so as not to obscure 
the description of the present invention With unnecessary 
detail. 

FIG. 1 illustrates a front end of an image sensing system 
100. System 100 may include a pixel array 110, a reset cir 
cuitry 120, an analog roW buffer 130, an analog multiplexer 
(MUX) 140, a variable gain ampli?er (VGA) 150, an analog 
to-digital converter (ADC) 160, and a master clock generator 
170. Other portions of system 100, such as those that use the 
data out and sampling clock outputs, are not shoWn for ease of 
explanation. One aim of system 100 is to capture, evaluate, 
and preserve scene image information to be redisplayed With 
an image quality as close to the natural perception of the 
original scene as possible. 

Pixel array 110 may include an array of light sensing ele 
ment, such as charge coupled devices. These individual sen 
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2 
sors may output a voltage in proportion to the amount of 
incident light. The signals output from pixel array 110 may 
have a voltage range from a dark value to some positive value 
corresponding to a maximum or saturated. In some imple 
mentations, the voltage may decrease from the dark value to 
the full scale value, although in other implementations, the 
sensors may be designed so that the output voltage increases 
from the dark value to the full scale value. 

Reset circuitry 120 may be arranged to output a roW of data 
in parallel With a positive signal range. In doing so, circuitry 
120 may periodically reset the sensors in array 110 to a dark 
(or Zero exposure) level, knoWn as a “reset voltage.” In some 
implementations, the signal values of individual columns 
(e.g., the positive signal range referred to above) may take on 
a positive voltage less than, or equal to, this reset voltage. 
Reset circuitry 120 may also output this reset voltage that is 
associated With all column values in an output roW of data 
from array 110. In some implementations, reset circuitry 120 
may be arranged to perform a “tapered reset” scheme, 
although the invention described herein is not limited to such 
a scheme. 

FIG. 2A illustrates a uni-polar signal range 210, ranging 
from the reset voltage level to some maximum exposure value 
(e.g., a “uni-polar” range, because it includes positive values 
only). This positive range 210 may be representative of the 
range of voltages output by reset circuitry 120 and input to 
analog roW buffer 130. In FIG. 2A, the “max exposure” illus 
trates the voltage corresponding to the maximum per-pixel 
exposure output of array 110. Although FIG. 2A illustrates a 
range decreasing from the reset voltage, in some implemen 
tations, the range may increase from the reset voltage, 
depending on the design of array 110 and/ or circuitry 120. 

Returning to FIG. 1, analog roW buffer 130 may be 
arranged to temporarily store a number of analog voltages in 
parallel from reset circuitry 120. When analog MUX 140 has 
?nished processing the previous roW of analog data, the cur 
rent roW of uni-polar signals may be read out of buffer 130 
and processed by MUX 140. 
MUX 140 may include passive circuitry such as a number 

of sWitches arranged to serialize the roW of data from buffer 
130. Thus, MUX 140 may output analog column values 
Within a roW one at a time to VGA 150. Because of the 

possible passive arrangement of MUX 140, the voltages that 
it outputs may be uni-polar (e. g., Within range 210 in FIG. 2A) 
up to the reset level. 
VGA 150 may include a differential input, variable gain 

ampli?er. VGA 150 may be arranged to shift the common 
mode of the analog voltages that are input from MUX 140 
based on an intemally-generated bias voltage. VGA 150 may 
also be arranged to multiply the common mode-shifted volt 
age a variable amount (e. g., about tWo in one implementation, 
but the gain may vary in accordance With a sensitivity setting 
of system 100). Such shifting and multiplication may enable 
the full scale operation of VGA 150, as opposed to merely 
amplifying a uni-polar signal that uses half, or less, of VGA 
150’s full dynamic output range (e.g., spanning from a posi 
tive full scale value to a negative full scale value). Such signal 
shifting and multiplication by, in one example, about tWo 
times (e.g., 2><), may effectively increase the signal-to-noise 
plus-distortion ratio (SNDR) of VGA 150 (and consequently 
system 100) by about 6 dB relative to the uni-polar case. 

FIG. 2B conceptually illustrates a bipolar signaling 
scheme used by VGA 150. Voltage range 220 has been 
shifted, for example in accordance With a bias voltage gener 
ated Within VGA 150, to be bi-polar around approximately 
Zero volts (or Whatever voltage is in the middle of the full 
scale output range of VGA 150). Conceptually, range 220 
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may be ampli?ed to produce the combination of ranges 230 
and 240. Range 230 illustrates the ampli?ed portion of range 
220 that is less than the mid-range voltage. Range 240 illus 
trates the ampli?ed portion of range 220 that is greater than 
the mid-range voltage. 

Returning to FIG. 1, it should be noted that VGA 150, as 
depicted, should not draW charge from MUX 140. As previ 
ously explained, MUX 140 itself may be a passive device 
made up of device sWitches. Any charge draWn from the 
MUX 140, then, Would be supplied by the roW buffer 130. 
RoW buffer 130 is typically designed to be loW poWer, and 
should not be required to supply large transient or DC cur 
rents. Also in VGA 150, a design trade-off should be made 
among hoW much load capacitance it can impose on roW 
buffer 130, hoW much poWer is incurred by VGA 150 to get 
large gain With small input devices, and hoW large of an offset 
can be tolerated from VGA 150. Further, VGA 150 should 
also be able to handle a relatively large common mode input 
range (e.g., equal to half the input signal range) Without 
causing a signi?cant change in its output common mode 
voltage. 

FIG. 3 illustrates an exemplary implementation of one 
stage of VGA 150. Other, prior and/or subsequent, stages of 
VGA 150 are not shoWn for clarity of explanation. In some 
implementations, VGA 150 may include a combiner 310, a 
control circuit 320, and a differential ampli?er 330. 

Combiner 310 may receive at one input the difference 
betWeen the voltage from MUX 140 (e.g., VIN) and the reset 
voltage VRESET. This difference may be produced by an ear 
lier stage of VGA 150, and may represent an actual exposure 
of a sensor in array 110, relative to the dark or reset voltage. 
Combiner 310 may receive a bias voltage VBIAS from control 
circuit 320. Combiner 310 may subtract the bias voltage from 
its other input to output a bipolar voltage that is centered 
about a mid-range value (e.g., Zero volts). With reference to 
FIG. 2B, the range of voltages output by combiner 310 may 
be conceptualiZed as bipolar range 220. 

Control circuit 320 may receive a sensitivity control input 
that is related to one of a number of possible sensitivity and/or 
International Organization for Standardization (ISO) settings 
and/ or White balance values for system 100 and may output a 
corresponding bias voltage VBIAS and gain value. Such sen 
sitivity levels are knoWn, and may relate, for example, to an 
amount of incident light on array 110 or other performance 
characteristics of system 100. If the sensitivity control input is 
relatively loW (indicating a relatively small input voltage 
VIN), for example, the gain value output by circuit 320 may be 
relatively large to cause ampli?cation by a relatively large 
amount, and the bias voltage VBIAS output by circuit 320 may 
be relatively small to shift the small input values by a rela 
tively small amount. Conversely, if the sensitivity control 
input is relatively high (indicating a relatively large input 
voltage VIN), for example, the gain value output by circuit 320 
may be relatively small to cause ampli?cation by a relatively 
small amount, and the bias voltage V B I A 5 output by circuit 320 
may be relatively large to shift the large input values by a 
relatively large amount to center the range around the mid 
range value. 

Differential ampli?er 330 may receive the bipolar-ranged 
output of combiner 310 and may amplify this value according 
to the gain value from control circuit 320. Ampli?er 330 may 
be implemented in accordance With a number of knoWn vari 
able-gain designs, such as a resistor-based con?guration, a 
sWitched-capacitor design, etc. With reference to FIG. 2B, 
differential ampli?er 330 may amplify values in range 220 to 
values in a full scale range 230 or 240 based on the (variable) 
gain value. In this Way, VGA 150 shifts the input voltage from 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
MUX 140 to a different value that alloWs maximal (e. g., full 
scale) signal sWing from VGA 150’s output VOUT. Such 
common mode level shifting and, for example, a 2x signal 
multiplication, may provide, in this example, a 6 dB SNDR 
performance increase at VGA 150. 

Returning to FIG. 1, analog-to-digital converter (ADC) 
160 may convert the differential analog output signal from 
VGA 150 into a corresponding digital representation. In some 
implementations, ADC 160 may produce a 12-bit digital out 
put, although other numbers of signi?cant digits are possible. 

Master clock generator 170 may control transfer of data 
from VGA 150 andADC 160. Although not explicitly shoWn, 
the circuitry in VGA 150 that receives a clock signal from 
generator 170 may be in a subsequent stage to that shoWn in 
FIG. 3. In some implementations, the clock signals input to 
VGA 150 and ADC 160 may be non-overlapping. 
The foregoing description of one or more implementations 

provides illustration and description, but is not intended to be 
exhaustive or to limit the scope of the invention to the precise 
form disclosed. Modi?cations and variations are possible in 
light of the above teachings or may be acquired from practice 
of various implementations of the invention. 

For example, although the above scheme has been 
described for a reset-type image sensor, but it may also be 
applicable to other types of image sensors. For example, for a 
“hard reset” scheme, a differential offset Would be added to 
the delta-double sample and exposure signal in such a 
scheme. The level shifting and ampli?cation described herein 
may be used to fully utiliZe the dynamic range in VGAs 
Within various image sensing systems and other data-driven 
systems that Would otherWise produce a uni-polar output. 
No element, act, or instructionused in the description of the 

present application should be construed as critical or essential 
to the invention unless explicitly described as such. Also, as 
used herein, the article “a” is intended to include one or more 
items. Variations and modi?cations may be made to the 
above-described implementation(s) of the claimed invention 
Without departing substantially from the spirit and principles 
of the invention. All such modi?cations and variations are 
intended to be included herein Within the scope of this dis 
closure and protected by the folloWing claims. 
What is claimed: 
1. An apparatus for providing ampli?ed image data, com 

prising: 
an image sensor including a number of pixel light sensing 

elements; 
circuitry to output pixel exposure signals and a dark level 

signal, Where differences betWeen the pixel exposure 
signals and the dark level signal are uni-polar signals; 

a variable gain ampli?er to shift the uni-polar signals to 
bipolar signals centered around Zero, and to amplify the 
bipolar signals so that a full scale output range of the 
variable gain ampli?er is substantially utiliZed, Wherein 
the variable gain ampli?er includes a combiner, a differ 
ential ampli?er, and control circuitry to supply a bias 
signal to said combiner to shift the uni-polar signals and 
a gain signal to said differential ampli?er to amplify the 
bipolar signals based on a sensitivity control signal. 

2. The apparatus of claim 1, Wherein the circuitry includes: 
reset circuitry, and 
Wherein the dark level signal includes a reset signal. 
3. The apparatus of claim 1, further comprising: 
an analog multiplexer to serialiZe pixel exposure signals 

into a serial stream of pixel exposure signals. 
4. The apparatus of claim 3, further comprising: 
an analog buffer betWeen the circuitry and the analog mul 

tiplexer to temporarily store the pixel exposure signals. 
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5. The apparatus of claim 1, said combiner coupled to the 
control circuitry to arithmetically combine the bias signal and 
the uni-polar signals. 

6. The apparatus of claim 1, further comprising: 
a differential input, analog to digital converter to convert 

the bipolar signals from the variable gain ampli?er into 
digital values. 

7. An apparatus for providing ampli?ed image data, com 
prising: 

a line of image sensors to convert incident light to electrical 
signals; 

reset circuitry to output a group of positive analog signals 
from the line of image sensors and to output a reset 
voltage corresponding to the group of positive signals; 

an ampli?er including: 

6 
a combiner to combine a difference betWeen the group of 

positive signals and the reset voltage With a bias signal 
to produce shifted signals, 

a differential ampli?er to amplify the shifted signals 
based on a gain signal to produce ampli?ed output 
signals, and 

control circuitry to supply the bias signal to said com 
biner and the gain signal to said differential ampli?er. 

8. The apparatus of claim 7, further comprising:a differen 
10 tial analog to digital converter to convert the ampli?ed output 

15 

voltages into digital values. 
9. The apparatus of claim 7, Wherein the ampli?er further 

includes: 
a section to generate the difference betWeen the group of 

positive signals and the reset voltage. 

* * * * * 


